Abstract
Introduction

19
The surface mixed layer is a striking and universal feature of the open ocean where the turbulence 20 associated with various physical processes leads to the formation of a quasi-homogeneous layer with 21 nearly uniform properties. The thickness of this layer, often named mixed layer depth (MLD), is one of 22 the most important oceanographic parameters, as this layer directly communicates and exchanges energy 23 with the atmosphere and therefore has a strong impact on the distribution of heat (Chen et al., 1994) , 24 ocean biology (Polovina et al., 1995) and near-surface acoustic propagation (Sutton et al., 2014) . Heat 
52
In this work, an MLD climatology is produced for the first time based on in situ observations. Further,
53
the roles of atmospheric forces and oceanic eddies on the changes of the MLD have been investigated.
54
The following sections are arranged as: Sect. 2 describes the datasets used and methodology. The 
Datasets
60
Temperature and salinity profiles from different sources are collected, which are measured using CTD
61
(conductivity-temperature-density profiler), PFL (autonomous profiling floats including ARGO floats),
62
XBT (expendable-bathy-thermograph) and MBT (mechanical-bathy-thermograph These profiles are quality checked according to the procedure given in Boyer and Levitus (1994) . In the 70 duplicate check, all the profiles within a 1 km radius and taken on the same day are considered duplicates 
77
Out of the total of 13,891 profiles analysed, 11,212 profiles passed the quality check from CTD (690), and therefore, shorter data period will not significantly affect the results.
103
The daily sea level anomaly (SLA) maps are provided by AVISO (www.aviso.oceanobs.com). These data 
Methods
115
The MLD can be estimated based on different methods. The The availability of profiles is denser along the middle of Red Sea during all months. The present analysis 134 is performed for the profiles that fall within 0.5 degrees to the east and west of the main axis that, running 
178
In general, the shallow mixed layers are predominant from April to September, while this prevails until
179
October in the far north. In the south-central Red Sea, the shallow mixed layer exists for only a short 180 period, from April to June. 
Major forces controlling the MLD variability
182
MLD is directly influenced by changes in the net heat flux (NHF), fresh-water flux (E-P) and wind stress.
183
The different terms that contribute to NHF are given in Fig. 4 for a sample year 2016 in the central Red The evaporation rate in the Red Sea gradually increases from south to north (Fig. 5b) .
(~3 mm day -1 ) during the summer. Evaporation shows weak seasonality in the southern Red Sea.
203
Precipitation in the southern region is higher than those of the other areas of Red Sea, with maximum 204 rainfall during July-September (Fig. 5b) . The changes in buoyancy forces corresponding to fresh-water The pattern of wind stress in the Red Sea is significantly different from the other parameters. The wind 216 stress is strong during the winter, leading to enhanced turbulence and mixing, while it is weak during the 217 summer, resulting in a shallower mixed layer (Fig. 5c,d ). Apart from that, strong surface winds blow to 
237
Earlier studies have proved that the upper ocean is efficiently re-stratified by the ocean eddies which may 238 significantly change the MLD. The resultant effect of eddy is largely dependent on the eddy amplitude.
239
The mixing intensity is largest at the center of eddy and decays on average with increasing radial distance (Fig. 3) . Mass conservation requires upwelling to replace the downwelling water. The MLD 260 climatology shows shallow mixed layers throughout the year at 17.5°N, which could be due to possible 261 upwelling. Further investigation is required to unveil the dynamics associated with this region. These strong winds generate strong turbulence in the surface water, which enhances vertical mixing. (Fig. 8f-h ). The profiles to the north and south of the jet axis display a The MLDs of all the available profiles in the Tokar region before, during, just after and after a month of 294 the Tokar event are plotted in Fig. 9 (profiles for the first 15 days of each month are displayed). (Fig. 9a-c) . During the Tokar event, the southern side experienced enhanced mixing, while 298 the northern side show shallow mixed layer (Fig. 9d-f) . The anticyclonic part of the Tokar induced eddies enhances downwelling and the associated deepening The mixing in the Tokar region during summer is the sum of the two mechanisms, the wind-induced The present work provides a climatological mean of the MLD structure in the Red Sea and its seasonal (ftp://ftp.whoi.edu/pub/science/oaflux/data_v3/monthly/evaporation/). The precipitation data is available 368 from TRMM (https://pmm.nasa.gov/data-access/downloads/trmm). 
